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(57) ABSTRACT

An alumina sintered body contains alumina as a main com-
ponent and titanium. The alumina sintered body further con-
tains at least one element selected from the group consisting
of lanthanum, neodymium, and cerium. Aluminum is con-
tained in the alumina sintered body in an amount such that a
ratio of aluminum oxide to total oxides in the alumina sintered
body becomes 93.00 to 99.85% by weight where the total
oxides are defined as a total amount of all oxides contained in
the alumina sintered body. Titanium is contained in an
amount such that a ratio of titanium oxide to the total oxides
becomes 0.10 to 2.00% by weight. Lanthanum, neodymium,
and cerium are contained in a combined amount such that a
ratio of the combined amount to the total oxides becomes 0.05
to 5.00% by weight. Volume resistivity is 1x10° to 1x10'2
Q-cm at room temperature.
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FIG. 3

CONTAINED AMOUNT OF ELEMENT VOLUME BULK WATER 1}
SAMPLE (N TERMS OF OXIDE, wi%)| RESISTVITY | MOLARRATIO | DENSITY | CONTENT|UEARITY
NOMBERS) AL | Ti | LaNdCe | Si | Mg | (Qrom) | (La+Ng+Ge)/Til(a/em®)| (%) [S90R
1 99.81 | 0.12 |La | 0.07 | 0.00 | 000 gx1g" 0.23 3.01 <0.1 | nowe
2 99.13 | 0.80 |La | 007 | 000 | 000 gx10° 0.04 3.91 <01 | nowe
3 99.04 | 0865 |La | 0.11 | 0001000 ] gx10® 0.06 3.89 NONE
4 98,13 | 1.80 {La | 0.07 | 0.00 | 000 ] 2x1p’ 0.02 3.85 NONE
5 07.37 | 1.25 |La | 1.38 ] 0.00 | 0.00| 5x10° 0.54 3.96 NONE
g 95.36 | 0.36 |La | 428 1000|000 gx 10" 5.83 393 | <01 |PRESENT
7 9835 | 0.45 [L.a | 420 0001 0.00] axip™ 458 394 <01 | nowe
8 9490 1 030 ll.a | 480 | 0.00 | 0O0} 1x1p" 7.85 3.94 <0.1 |PRESENT
g 9400 | 1.20 La | 4.80 | .00 0.00 gx 107 196 3.04 <01 NONE
10 | 9340 | 1.60 {La | 480 {000 000 4x10° 1.31 3.94 | <01 | wowe
1119942 1031 [La | 007|020 ]000f 7x10° 0.11 3.91 | <01 | MowE
12199311041 |La | 048 ]010[000] 2x10° 0.03 997 | <n1 | wNowe
13 99.08 | 0.54 |La | 0251 013 000 2x10° 0.23 3.93 {01 | Nowe
14 98.93 | 0.80 |[La | 0.07 | 0201000 9x10’ 0.04 3.91 0.1 | nNowe
15 88.92 | 0.31 |La | 007 {070 0001 1x10° 0.11 3.91 {01 | Nowe
18 98.85 | 068 [La | 0.31 1017 | 000 a3x10® 0.22 393 | <01 | mewe
17 8848 | 080 [La | 04410271000 310t 0.27 3.93 | <04 | wome
18 9843 1 0.80 |La | 007 | 070|000 2x10° 0.04 399 <01 NONE
19 9781 | 111 1La | 0.67 ] 041 | 000] 2x10° 0.30 3.91 0.1 | nowe
20 93.25 | 180 |La | 402|083 000 4x10° 1.10 3.94 | <01 | wome
91 | 9459 | 047 |La | 480 ] 000 | 020 | 3% 10" 574 3.94 | <01 |present
22 }9409 | 041 |La | 480 ] 000|070 sx10 5.74 3.94 | <0.1 |PReESENT
23 93.80 | 1.20 |La | 480|000 0201 2x10”® 1.96 394 | <0t | MomE
24 93.30 | 1.20 |[La | 4801 000|070 2x 10" 1.96 3.95 0,1 | MONE
28 99.21 | 041 |La 10191010010} gx10° 0.23 3.92 <01 NONE
26 19880 | 068 La | 031]017]005) 2x10° 0.22 393 | <01 | wowe
27 98.50 | 0.81 |La | 03710201013 2x10® 0.22 3.94 | <01 | wonE
?8 19745 | 106 {La | 132|008 1006 | 1x10° 0.60 395 | <o | vowE
29 9742 | 1.22 {La | 067|047 | 028 | 3x10® 0.27 3.94 <Q.1 | MNomE
30 | 97121108 |La {132 042 008] 7x10° (.60 3.95 | <01 | Nowe
31 9710 | 0.78 |Ce | 143 | 042 1028 ] 7x10° 0.85 3.94 <0.1 NONE
37 87.08 | 0.79 INd | 142 | 042 ] 028 ] gx10° 0.85 3.93 €0.1 NONE
33 9453 | 1.50 {La | 262 | 0811054 ax10® 0.86 3.4 0.1 | nome
34 9356 | 115 [La | 467,037 | 025} 3x10® 1.99 3.05 <01 | NONE
35 199.80 | 020 |— [ 0.00. 000|000} 8x10'" 0.00 381 | 56 ] none
36 | 98.20 | 1.80 |— |°0.00! 0.00 | 0.00 | 7x 10" 0.00 384 | g4 | wowe
37 1°99.92 005 {La | 003000000 gx1i0™ 0.29 3.82 [ ay | Nowe
38 19812 | 1.85 |La [ 0.03 | 000 | 0.00| 6x107 0.01 383 | 27 | Mo
39 97.64 | 0.05 |La | 2.31 | 000 | 0.00] 3x 10" 22.66 3.91 <0.1 _|PRESENT
40 19300 | 220 |La | 480|000 000] 7x10% 1.07 3.94 | <01 | nNowE
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ALUMINA SINTERED BODY, MEMBER
INCLUDING THE SAME, AND
SEMICONDUCTOR MANUFACTURING
APPARATUS

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application claims the benefit of Japanese Patent
Applications No. 2012-100598, filed Apr. 26, 2012, and No.
2012-277705, filed Dec. 20, 2012, all of which are incorpo-
rated by reference herein.

FIELD OF THE INVENTION

The present invention relates to an alumina sintered body,
amember including the same, and a semiconductor manufac-
turing apparatus.

BACKGROUND OF THE INVENTION

In the related art, an alumina sintered body, which is
obtained by mixing a conductivity applying agent such as a
titanium oxide (TiO,) with alumina (Al,O;) that is an insu-
lating substance, has been known. When mixing the conduc-
tivity applying agent with alumina, volume resistivity of the
alumina sintered body may be adjusted. For example, a con-
figuration in which the volume resistivity of the alumina
sintered body is adjusted to 10° to 10'° Q-cm, and this alu-
mina sintered body is used as a member that needs to have a
static electricity removal function and is used for a semicon-
ductor manufacturing apparatus and the like is suggested (for
example, refer to JP-A-2004-292267). In addition, a configu-
ration in which the volume resistivity of the alumina sintered
body is adjusted to 10% to 10'! Q-cm and this alumina sintered
body is used as an electrostatic chuck (Johnson-Rahbeck type
electrostatic chuck) that is used to fix a silicon wafer in a
plasma chamber for manufacturing of a semiconductor is
suggested (for example, refer to Japanese Patent No.
04623159).

However, as described above, in a case where the alumina
sintered body is used for the plasma chamber, since the alu-
mina sintered body is exposed to plasma, the silicon wafer
may be contaminated by a titanium oxide that is added to
alumina. A countermeasure of limiting an additive amount of
the titanium oxide may be considered to suppress the con-
tamination. However, since the volume resistivity of the alu-
mina sintered body is adjusted by an additive amount of the
titanium oxide, when the additive amount of the titanium
oxide is limited, an alumina sintered body, which exhibits
desired volume resistivity, may not be obtained. In addition, a
method in which for example, a specific treatment such as hot
pressing and HIP (hot isostatic pressing) treatment is per-
formed during the manufacturing of the alumina sintered
body to obtain the alumina sintered body having a desired
performance is also suggested (for example, refer to Japanese
Patent No. 04623159). It is preferable to manufacture the
alumina sintered body by a relatively simple manufacturing
method.

The invention has been made to solve the above described
problems in the related art, and an object thereof is to provide
an alumina sintered body that exhibits desired volume resis-
tivity while suppressing complications of a manufacturing
process and an amount of a titanium oxide that is added to
alumina, a member including the alumina sintered body, and
an apparatus including the member.

10

15

20

25

30

35

40

45

50

55

60

65

2
SUMMARY OF THE INVENTION

The invention has been made to solve at least a part of the
above-described problems, and may be executed as the fol-
lowing embodiments or application examples.

APPLICATION EXAMPLE 1

According to Application Example 1, there is provided an
alumina sintered body containing: alumina (Al,0,) as a main
component; and titanium (Ti). The alumina sintered body
further contains at least one element selected from the group
consisting of lanthanum (La), neodymium (Nd), and cerium
(Ce), aluminum (Al) and is contained in an amount such that
a ratio of aluminum oxide (Al,O;) to total oxides in the
alumina sintered body becomes 93.00 to 99.85% by weight,
wherein said total oxides are defined as a total amount of all
oxides contained in the alumina sintered body and an amount
of each metal in the alumina sintered body being converted
into an amount of an oxide containing the metal, titanium (T1)
is contained in an amount such that a ratio of titanium oxide
(Ti0,) to the total oxides becomes 0.10 to 2.00% by weight,
lanthanum (La), neodymium (Nd), and cerium (Ce) are con-
tained in a combined amount such that a ratio of a combined
amount of lanthanum oxide (La,O,), neodymium oxide
(Nd,O;), and cerium oxide (CeO,) to the total oxides
becomes 0.05 to 5.00% by weight, and volume resistivity of
the alumina sintered body is 1x10° to 1x10** Q-cm at room
temperature.

According to the alumina sintered body according to
Application Example 1, since the alumina sintered body con-
tains at least one kind of element selected from lanthanum,
neodymium, and cerium, even when an additive amount of
titanium is limited, the volume resistivity may be controlled
within a wide range of 1x10° to 1x10"* Q-cm. In addition,
even when the additive amount of titanium is limited within
the above-described range, the volume resistivity of the alu-
mina sintered body may be controlled in a relatively wide
range compared to a case in which any element of lanthanum,
neodymium, and cerium is not added. Furthermore, accord-
ing to the alumina sintered body according to Application
Example 1, even when firing is performed at a normal pres-
sure without performing firing under pressure such as hot
pressing and HIP (hot isostatic pressing) treatment, a rela-
tively dense sintered body may be obtained. Accordingly, ina
case of performing the firing at a normal pressure, it is not
necessary to control pressure during the firing, and thus com-
plication of an apparatus that is used for the firing may be
suppressed.

APPLICATION EXAMPLE 2

In the alumina sintered body according to Application
Example 1, a molar ratio of the combined amount of lantha-
num (La), neodymium (Nd), and cerium (Ce) to titanium (T1),
which are contained in the alumina sintered body, may be
larger than 0.03 and be less than 5.00.

According to the alumina sintered body according to
Application Example 2, when the molar ratio is set to be
larger than 0.03, in a firing process during the manufacturing
of the alumina sintered body, a titanium-containing com-
pound having a melting point lower than a firing temperature
is formed, and sintering is promoted due to the low melting
point compound, and thus densification of the alumina sin-
tered body may be secured. In addition, when the molar ratio
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is set to be less than 5.00, an irregularity of a color tone in
external appearance of the alumina sintered body may be
suppressed.

APPLICATION EXAMPLE 3

The alumina sintered body according to Application
Example 1 or 2 may further contain at least one of silicon (Si)
and magnesium (Mg) Silicon (Si) and magnesium (Mg) may
be contained in an amount such that a ratio of silicon oxide
(8i0,) to the total oxides and a ratio of magnesium oxide
(MgO) to the total oxides are 1.00% by weight or less, respec-
tively.

According to the alumina sintered body according to
Application Example 3, when the alumina sintered body con-
tains at least one of silicon and magnesium, and contained
ratios thereof when converting metal elements contained in
the alumina sintered body into oxides are set to 1.0% by
weight or less, respectively, the volume resistivity at room
temperature of the alumina sintered body may be further
easily adjusted within a range of 1x10° to 1x10'* Q-cm. In
addition, since the additive amount of silicon and magnesium
is suppressed within the above-described range, when the
alumina sintered body is used as a constituent member of a
semiconductor manufacturing apparatus, contamination of a
semiconductor wafer, which is caused by the addition of
silicon or magnesium, may be suppressed.

APPLICATION EXAMPLE 4

According to Application Example 4, there is provided an
alumina sintered body containing: alumina (Al,O5) as amain
component; and titanium (Ti). Metal elements other than
aluminum (Al) and titanium (Ti) contained in the alumina
sintered body include: at least one element selected from the
group consisting of lanthanum (La), neodymium (Nd), and
cerium (Ce); and at least one element selected from the group
consisting of magnesium (Mg), calcium (Ca), strontium (Sr),
barium (Ba), and silicon (Si). Aluminum (Al) is contained in
an amount such that a ratio of aluminum oxide (Al,O;) to
total oxides in the alumina sintered body becomes 93.00 to
99.85% by weight, wherein said total oxides are defined as a
total amount of all oxides contained in the alumina sintered
body and an amount of each metal in the alumina sintered
body being converted into an amount of an oxide containing
the metal. Titanium (Ti) is contained in an amount such that a
ratio of titanium oxide (Ti0,) to the total oxides becomes 0.10
to 2.00% by weight. Lanthanum (La), neodymium (Nd), and
cerium (Ce) are contained in a combined amount such that a
ratio of a combined amount of lanthanum oxide (La,0;),
neodymium oxide (Nd,O;), and cerium oxide (CeO,) to the
total oxides becomes 0.05 to 5.00% by weight. Magnesium
(Mg), calcium (Ca), strontium (Sr), barium (Ba), and silicon
(Si) are contained in amounts such that the ratio of magne-
sium oxide (MgO) to the total oxides, the ratio of calcium
oxide (CaO) to the total oxides, the ratio of strontium oxide
(SrO) to the total oxides, the ratio of barium oxide (BaO) to
the total oxides, and the ratio of silicon oxide (SiO,) to the
total oxides are all 1.00% by weight or less, respectively.
Volume resistivity of the alumina sintered body is 1x10° to
1x10'? Q-cm at room temperature.

According to the alumina sintered body according to
Application Example 4, since the alumina sintered body con-
tains at least one kind of element selected from lanthanum,
neodymium, and cerium, even when the additive amount of
titanium is limited, the volume resistivity may be controlled
within a wide range of 1x10° to 1x10"* Q-cm. In addition,
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even when firing is performed at a normal pressure without
performing firing under pressure such as hot pressing and HIP
(hot isostatic pressing) treatment, a relatively dense sintered
body may be obtained. Accordingly, in a case of performing
the firing at atmospheric pressure, it is not necessary to con-
trol pressure during the firing, and thus complication of an
apparatus that is used for the firing may be suppressed. Fur-
thermore, when the alumina sintered body contains at least
one kind of element selected from magnesium, calcium,
strontium, barium, and silicon, and contained ratios thereof
when converting metal elements contained in the alumina
sintered body into oxides are set to 1.0% by weight or less,
respectively, the volume resistivity at room temperature of the
alumina sintered body may be further easily adjusted within a
range of 1x10° to 1x10'? Q-cm. In addition, in a case where
the additive amount of at least one kind of element selected
from magnesium, calcium, strontium, barium, and silicon is
suppressed within the above-described range, when the alu-
mina sintered body is used as a constituent member of a
semiconductor manufacturing apparatus, contamination of a
semiconductor wafer, which is caused by the addition of the
above-described elements, may be suppressed.

APPLICATION EXAMPLE 5

According to Application Example 5, there is provided an
electrostatic chuck including the alumina sintered body hav-
ing volume resistivity of 1x10® to 1x10*2 Q-cm at room tem-
perature according to anyone of Application Examples 1 to 4.

According to the electrostatic chuck according to Applica-
tion Example 5, suction and release properties of the electro-
static chuck during suction and release of a semiconductor
wafer may be secured, and a possibility of contamination in
the semiconductor wafer, which is caused by the metal ele-
ments in the alumina sintered body provided to the electro-
static chuck, may be suppressed.

APPLICATION EXAMPLE 6

According to Application Example 6, there is provided a
member having a static electricity removal function for a
semiconductor manufacturing apparatus. The member
includes the alumina sintered body having volume resistivity
of 1x10° to 1x10'° Q-cm at room temperature according to
any one of Application Examples 1 to 4.

According to the member having the static electricity
removal function for semiconductor manufacturing appara-
tus according to Application Example 6, in the member that is
used in the semiconductor manufacturing apparatus, the
static electricity removal function is secured, and a possibility
of contamination in the semiconductor wafer, which is caused
by the metal elements in the alumina sintered body provided
to the member, may be suppressed.

APPLICATION EXAMPLE 7

According to Application Example 7, there is provided a
semiconductor manufacturing apparatus including a plasma
chamber. The electrostatic chuck according to Application
Example 5 or the member having the static electricity removal
function according to Application Example 6 is provided
within the plasma chamber.

According to the semiconductor manufacturing apparatus
according to Application Example 7, with regard to the elec-
trostatic chuck or the member having the static electricity
removal function that is disposed in the plasma chamber of
the semiconductor manufacturing apparatus, appropriate vol-
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ume resistivity may be secured. In addition, a possibility of
contamination in the semiconductor wafer, which is caused
by the metal elements in the electrostatic chuck or the mem-
ber having the static electricity removal function that is dis-
posed in the plasma chamber, may be suppressed.

The invention may be realized by various embodiments
other than the above-described Application Examples, and
for example, the invention may be realized by an embodiment
such as a method of manufacturing an alumina sintered body.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present
invention will become more readily appreciated when con-
sidered in connection with the following detailed description
and appended drawings, wherein like designations denote
like elements in the various views, and wherein:

FIG. 1 is a schematic cross-sectional diagram illustrating
an example of a configuration of an electrostatic chuck;

FIG. 2 is a perspective diagram illustrating an example of
external appearance of a conveying arm;

FIG. 3 is an explanatory diagram illustrating preparation
results of an alumina sintered body as a table;

FIG. 4 is an explanatory diagram illustrating preparation
results of the alumina sintered body as a table;

FIGS. 5A to 5D are explanatory diagrams illustrating
results of measurement that is performed using EPMA/WDS;

FIG. 6 is an explanatory diagram of results of examination
about an effect of silicon in the alumina sintered body; and

FIG. 7 is an explanatory diagram of results of examination
about an effect of magnesium in the alumina sintered body.

DETAILED DESCRIPTION OF THE INVENTION

Composition and Manufacturing Method of Alumina Sin-
tered Body

An alumina sintered body of this embodiment contains
alumina (Al,0;) as a main component, and titanium (Ti). The
alumina sintered body further contains at least one kind of
element selected from lanthanum (ILa), neodymium (Nd), and
cerium (Ce). In addition, in the alumina sintered body of this
embodiment, aluminum (Al) is contained in an amount in
which a ratio of aluminum oxide (Al,O;) to total oxides when
converting metal elements contained in the alumina sintered
body into oxides and summing the oxides becomes 93.00 to
99.85% by weight. In addition, titanium (Ti) is contained in
an amount in which a ratio of titanium oxide (TiO,) to total
oxides when converting the metal elements contained in the
alumina sintered body into oxides and summing the oxides
becomes 0.1 to 2.0% by weight. In addition, lanthanum (La),
neodymium (Nd), and cerium (Ce) are contained in a total
amount in which a ratio of a total amount of lanthanum oxide
(La,0;), neodymium oxide (Nd,O;), and cerium oxide
(Ce0,) to total oxides when converting the metal elements
contained in the alumina sintered body into oxides and sum-
ming the oxides becomes 0.05 to 5.00% by weight. In addi-
tion, the alumina sintered body of this embodiment has vol-
ume resistivity of 1x10° to 1x10"? Q-cm at room temperature.

As described above, in the alumina sintered body of this
embodiment, in addition to titanium (T1), at least one kind of
element selected from lanthanum (ILa), neodymium (Nd), and
cerium (Ce) is added to the alumina that is a main component.
Accordingly, even when an additive amount of titanium is
limited within the above-described range, the volume resis-
tivity at room temperature may be controlled to a desired
value within a wide range of 1x10° to 1x10** Q-cm. In addi-
tion, in a case where the additive amount of titanium is limited

10

20

25

40

45

55

6

within the above-described range, the volume resistivity of
the alumina sintered body may be controlled in a relatively
wide range compared to a case in which any element of
lanthanum, neodymium, and cerium is not added.

Here, there is limitation to an amount of elements, which
are added to the alumina sintered body, for each element that
is added according to usage of the alumina sintered body.
Particularly, in a case of applying the alumina sintered body to
a semiconductor manufacturing apparatus, it is necessary for
the amount of the metal elements that are added to the alu-
mina sintered body to be further reduced. Among these, in a
case of using the alumina sintered body in a plasma chamber,
with regard to a degree of a contamination effect on a semi-
conductor wafer, since a contamination effect due to titanium
is large, it is particularly preferable to reduce titanium.
According to the alumina sintered body of this embodiment,
when adjusting the volume resistivity by the amount of tita-
nium (Ti) that is added to the alumina sintered body, only an
element that is selected from lanthanum (La), neodymium
(Nd), and cerium (Ce) may be added. According to this, in a
case of applying the alumina sintered body to the semicon-
ductor manufacturing apparatus, it is possible to obtain an
alumina sintered body that exhibits desired volume resistivity
while largely decreasing a level of an additive amount of
titanium that is particularly problematic from the viewpoint
of contamination of the semiconductor wafer (for example, a
silicon wafer). Specifically, the volume resistivity of the alu-
mina sintered body may be set to a value that is appropriate for
an electrostatic chuck or a member having a static electricity
removal function for the semiconductor manufacturing appa-
ratus. In addition, at this time, an amount of an element, which
is selected from lanthanum, neodymium, and cerium and is
added to suppress the additive amount of titanium, may be set
to a limited amount capable of suppressing an effect of con-
taminating the semiconductor wafer. Accordingly, when this
alumina sintered body is applied to the semiconductor manu-
facturing apparatus, contamination of the semiconductor
wafer may be suppressed.

Furthermore, according to the alumina sintered body of
this embodiment, at least one kind of element selected from
lanthanum (La), neodymium (Nd), and cerium (Ce) is added
in addition to titanium (T1), and thus a firing process during
manufacturing of the alumina sintered body may be per-
formed at a normal pressure. Generally, it is preferable to
form the alumina sintered body in a sufficiently dense manner
s0 as to secure the minimum mechanical strength or stability
of the volume resistivity of a constituent member for the
semiconductor manufacturing apparatus. According to the
alumina sintered body of this embodiment, the above-de-
scribed configuration is adapted, and thus even when the
firing is performed at a normal pressure, a relatively dense
sintered body may be obtained. In this manner, since the firing
atthe normal pressure is possible, it is not necessary to control
pressure during the firing, and thus complication of an appa-
ratus that is used for the firing may be suppressed.

For example, the alumina sintered body of this embodi-
ment may be formed by a solid-phase reaction method. The
solid-phase reaction method is a well known method in which
powder raw materials such as an oxide, carbonate, and nitrate
are weighed and mixed with each other in such a manner that
a metal element in each of the powder raw materials becomes
apredetermined ratio according to a composition of an oxide
to be prepared, and a heat treatment (firing) is performed to
synthesize a desired oxide. Hereinafter, a manufacturing
method accompanied with preparation of a ceramic green
sheet will be described as an example of a manufacturing
method according to the solid-phase reaction method. How-
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ever, the alumina sintered body of this embodiment may be
prepared according to other methods such as a manufacturing
method by press molding using powders.

In this embodiment, an aluminum-containing powder raw
material (for example, Al,O,), a titanium-containing powder
raw material (for example, TiO,), and a powder raw material
(for example, La(OH);, Nd,O;, or CeO,) that contains at
least one kind selected from lanthanum, neodymium, and
cerium may be used. When mixing these powder raw mate-
rials, a mixed amount of each of the powder raw materials
may be set in such a manner that a ratio (% by weight) of each
metal oxide to total oxides is within the above-described
numerical range respectively, where the total oxides represent
a combined amount of oxides that are converted from the
metal elements contained in the powder raw materials. At this
time, a specific mixing ratio of the respective powder raw
materials maybe set in such a manner that the volume resis-
tivity of the alumina sintered body, which maybe obtained,
becomes a desired value within the above-described range. In
addition, in the alumina sintered body that is ultimately
obtained, a ratio (molar ratio) of each of the metal elements
that are contained is substantially equal to a ratio of each of
metal elements in the powder raw materials that are mixed
during the manufacturing.

After the respective powder raw materials are weighed and
mixed in such a manner that a mixing ratio of each of the
powder raw materials becomes the above-described value, an
organic binder, a plasticizer, a dispersing agent, and a solvent
are further added to the powder raw materials, and then the
resultant materials are mixed with each other to prepare
ceramic slurry. Then the ceramic slurry is casted into a sheet
shape to obtain a ceramic green sheet. A plurality of the
ceramic green sheets that are obtained are laminated and
compressed according to necessity, whereby a laminated
body is prepared. The ceramic laminated body that is
obtained is burned out the binder, and is fired under a non-
oxidation atmosphere to obtain the alumina sintered body of
this embodiment. An example of the non-oxidation atmo-
sphere includes a mixed gas of humidified hydrogen and
nitrogen. Alternatively, the firing may be performed under
vacuum or in an inert gas such as argon gas as long as the
atmosphere is a non-oxidation atmosphere. In addition, for
example, the firing temperature may be set to 1,450 to 1,700°
C.

In the alumina sintered body of this embodiment, the rea-
son why the additive amount of titanium (Ti) may be sup-
pressed by further adding lanthanum (La) or the like is con-
sidered to be as follows. That is, in the alumina sintered body
of'this embodiment, in the firing process during the manufac-
turing, a titanium compound that makes up the powder raw
material reacts with a lanthanum compound, a neodymium
compound, or a cerium compound that makes up the powder
raw material, and thus a compound having a melting point
lower than a firing temperature is generated. In the firing
process, a grain of alumina (Al,0O;) is grown. However, at this
time, it is considered that the low melting point compound
containing the above-described titanium enters a liquid-phase
state, and spreads out between alumina particles (grain
boundary). On the other hand, in a composition system com-
posed of only the aluminum oxide and the titanium oxide, the
aluminum oxide, the titanium oxide, and a compound that is
generated through reaction between the aluminum oxide and
the titanium oxide have a melting point higher than the firing
temperature, and in the firing process, do not enter the liquid-
phase state and do not spread out between the alumina par-
ticles. In addition, as described above, when the firing is
performed under a non-oxidation atmosphere, at least a part
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of titanium, which are contained in the low melting point
compound that spreads out to the alumina grain boundary, is
reduced, and thus an electron path is formed in the alumina
grain boundary. As described above, in this embodiment,
lanthanum and the like are further added, and thus the low
melting point compound that contains titanium is generated
during the firing, and it is easy to make titanium-containing
compound spread out to the alumina grain boundary. Accord-
ingly, since at least a part of the titanium compound that
spreads out to the grain boundary is reduced and thus the
electron path is formed, even when the additive amount of
titanium is suppressed, it is considered that desired volume
resistivity may be realized in the alumina sintered body. In
addition, when the firing is performed under an oxidation
atmosphere such as in the air differently from the method for
manufacturing the alumina sintered body of this embodi-
ment, the low melting point compound that spreads out to the
alumina grain boundary is not reduced, and a sufficient elec-
tron path is not formed. Therefore, in the case of performing
the firing under the oxidation atmosphere, even when the
composition of the alumina sintered body is set within the
above-described range, the volume resistivity of the alumina
sintered body, which may be obtained, becomes larger than
the volume resistivity of the alumina sintered body of this
embodiment.

In addition, in the alumina sintered body of this embodi-
ment, since the firing is performed under the non-oxidation
atmosphere as described above, when the alumina sintered
body is used to form, for example, a member having an metal
interconnection at the inside or on a surface thereof, a manu-
facturing process may be simplified. Specifically, a firing
process for manufacturing the alumina sintered body and a
process of firing metalize that forms the metal interconnec-
tion may be simultaneously performed.

In addition, in the alumina sintered body of this embodi-
ment, when lanthanum (La) and the like are further added, the
low melting point compound enters a liquid-phase state and
spreads out between alumina particles, and thus sintering is
further promoted. As a result, the alumina sintered body may
be formed in a relatively dense manner. Accordingly, even
when the firing is performed at a normal pressure (atmo-
spheric pressure) without particularly pressing the sintered
body, a sufficiently dense alumina sintered body may be
obtained.

With Regard to Contained Amount of Al

In the alumina sintered body of this embodiment, as
described above, aluminum (Al) is contained in an amount in
which a ratio of aluminum oxide (Al,O;) to the total oxides
when converting the metal elements contained in the alumina
sintered body into oxides and summing the oxides becomes
93.00 to 99.85% by weight, and more preferably 98.00 to
99.85% by weight. Here, when the ratio of the aluminum
oxide to the total oxides is set to be less than 93.00% by
weight, an amount of an additive in the alumina sintered body,
specifically, a metal element other than aluminum increases.
Therefore, an amount of particles, which are generated when
the alumina sintered body is exposed to plasma, increases,
and when the alumina sintered body is used as a constituent
member of the semiconductor manufacturing apparatus, an
effect on a semiconductor wafer becomes considerable.
Therefore, this range is not preferable. Particularly, when it
needs to reduce the amount of particles, it is effective for the
ratio of the aluminum oxide to the total oxides to be set to
98.00% by weight or more. In addition, in a case where the
ratio of the aluminum oxide to the total oxides exceeds
99.85% by weight, an amount of titanium, or at least one kind
of element selected from lanthanum, neodymium, and
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cerium, which are added to manufacture the alumina sintered
body, decreases. Therefore, in the alumina sintered body,
since formation of the electron path due to titanium is sup-
pressed and the volume resistivity of the alumina sintered
body relatively increases, this range is not preferable.

With Regard to Contained Amount of Ti

In the alumina sintered body of this embodiment, as
described above, titanium (T1) is contained in an amount in
which a ratio of titanium oxide (TiO,) to the total oxides when
converting the metal elements contained in the alumina sin-
tered body into oxides and summing the oxides becomes 0.1
to 2.0% by weight. Here, when the ratio of the titanium oxide
to the total oxides is set to be less than 0.1% by weight, it is
difficult to sufficiently secure the amount of titanium that has
a relationship with the formation of the electron path in the
alumina sintered body, and thus the volume resistivity rela-
tively increases. Therefore, this range is not preferable. In
addition, in a case where the ratio of the titanium oxide to the
total oxides exceeds 2.0% by weight, the amount of titanium,
which has a relationship with the formation of the electron
path in the alumina sintered body, becomes excessive, and
thus the volume resistivity relatively decreases. Therefore,
this range is not preferable.

With Regard to Contained Amount of La, Nd, and Ce

In the alumina sintered body of this embodiment, as
described above, lanthanum (La), neodymium (Nd), and
cerium (Ce) are contained in a total amount in which a ratio of
a total amount of lanthanum oxide (La,0;), neodymium
oxide (Nd,O,) and cerium oxide (CeO,) to the total oxides
when converting the metal elements contained in the alumina
sintered body into oxides and summing the oxides becomes
0.05 to 5.00% by weight. Here, when the ratio of the total
amount of the lanthanum oxide, the neodymium oxide, and
the cerium oxide to the total oxides is set to be less than 0.05%
by weight, formation of the titanium-containing compound
having the low melting point becomes insufficient in the firing
process during manufacturing of the alumina sintered body,
and thus the formation of the electron path due to titanium is
suppressed. As a result, since the volume resistivity of the
alumina sintered body relatively increases, and thus this
range is not preferable. In addition, in a case where the ratio
of the total amount of the lanthanum oxide, the neodymium
oxide, and the cerium oxide to the total oxides exceeds 5.00%
by weight, an amount of the additive in the alumina sintered
body, specifically, a metal element other than aluminum
increases. Therefore, an amount of particles, which are gen-
erated when the alumina sintered body is exposed to plasma,
increases, and when the alumina sintered body is used as a
constituent member of the semiconductor manufacturing
apparatus, an effect on a semiconductor wafer becomes con-
siderable. Therefore, this range is not preferable.

In the alumina sintered body of this embodiment, it is
preferable that a molar ratio of the total of lanthanum (La),
neodymium (Nd), and cerium (Ce) to titanium (1), which are
contained in the alumina sintered body, be set to be larger than
0.03 and is less than 5.00. When the molar ratio is set to be
larger than 0.03, in the firing process during the manufactur-
ing of the alumina sintered body, the titanium-containing
compound having a melting point lower than a firing tem-
perature is sufficiently formed, and sintering is promoted due
to the low melting point compound. Accordingly, the alumina
sintered body may be sufficiently dense (sintering properties
are secured), and thus this range is preferable. In addition,
when the molar ratio is set to be less than 5.00, an irregularity
of'a color tone in external appearance of the alumina sintered
body may be suppressed, and thus this range is preferable.
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With Regard to Other Additive Metals

The alumina sintered body of this embodiment may con-
tain at least one kind of element selected from magnesium
(Mg), calcium (Ca), strontium (Sr), barium (Ba), and silicon
(Si). In this case, it is preferable that magnesium (Mg), cal-
cium (Ca), strontium (Sr), barium (Ba), and silicon (Si) be
contained in amounts in which ratios of magnesium oxide
(MgO), calcium oxide (CaO), strontium oxide (SrO), barium
oxide (BaO), and silicon oxide (Si0O,) to the total oxides are
all 1.0% by weight or less, respectively, where the total oxides
represent a combined amount of oxides that are converted
from metal elements contained in the alumina sintered body.
When the alumina sintered body contains at least one kind of
element selected from magnesium, calcium, strontium,
barium, and silicon, and the ratios thereof are set to 1.0% by
weight or less, respectively, the volume resistivity at room
temperature of the alumina sintered body may be further
easily adjusted within a range of 1x10° to 1x10'? Q-cm. In
addition, in a case where the additive amount of at least one
kind of element selected from magnesium, calcium, stron-
tium, barium, and silicon is suppressed within the above-
described range, when the alumina sintered body is used as
the constituent member of the semiconductor manufacturing
apparatus, contamination of a semiconductor wafer, which is
caused by the addition of the above-described elements, may
be suppressed. In the alumina sintered body of this embodi-
ment, the metal elements, which are contained, other than
aluminum (Al) and titanium (T1) may include only at least one
kind of element selected from lanthanum (La), neodymium
(Nd), and cerium (Ce), and at least one kind of element
selected from magnesium (Mg), calcium (Ca), strontium (Sr),
barium (Ba), and silicon (Si).

As described above, in the alumina sintered body, the vol-
ume resistivity of the alumina sintered body may be adjusted
by the amount of titanium that is added. A corresponding
relationship between the volume resistivity of the alumina
sintered body and the additive amount of titanium may be
made to vary by further adding at least one kind of element
selected from magnesium, calcium, strontium, barium, and
silicon to the alumina sintered body. Specifically, a level of
the volume resistivity of the alumina sintered body, which
corresponds to the amount of titanium that is added, may be
decreased as a whole by further adding silicon to the alumina
sintered body of this embodiment. At this time, the larger the
amount of silicon that is added to the alumina sintered body,
the further an extent of decreasing the level of the volume
resistivity of the alumina sintered body increases. Accord-
ingly, when silicon is further added, the volume resistivity of
the alumina sintered body may be adjusted to a desired value
without increasing the additive amount of titanium.

In addition, the level of the volume resistivity of the alu-
mina sintered body, which corresponds to the additive
amount of titanium, may be increased as a whole by further
adding at least one kind of element (hereinafter, also referred
to as “magnesium or the like”) selected from magnesium,
calcium, strontium, and barium to the alumina sintered body
of this embodiment. At this time, the larger the amount of
magnesium or the like that is added to the alumina sintered
body, the further an extent of increasing the level of the
volume resistivity of the alumina sintered body increases.
Accordingly, when magnesium or the like is further added, a
fine adjustment of the contained amount of each element,
which is performed to adjust the volume resistivity of the
alumina sintered body to a desired value, may be further
easily realized.

As described above, at least one kind of element selected
from magnesium, calcium, strontium, barium, and silicon has
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an effect of adjusting a value of the volume resistivity of the
alumina sintered body to a desired value. However, in a case
of using the alumina sintered body of this embodiment as a
member for the semiconductor manufacturing apparatus,
with respect to a fluoride-based gas that is frequently used as
an general etching gas of a silicon wafer, silicon oxide (SiO,)
is easily corroded by plasma compared to magnesium oxide
(MgO), calcium oxide (CaO), strontium oxide (SrO), barium
oxide (BaO) Accordingly, as the additive element, it is pref-
erable to use at least one kind element selected from magne-
sium, calcium, strontium, and barium instead of using silicon
from the viewpoints that corrosion is less, and thus corrosion
resistance of the alumina sintered body is improved.

With Regard to Configuration Example of Electrostatic
Chuck

The alumina sintered body of this embodiment may be
suitably used to prepare an electrostatic chuck. Here, the
electrostatic chuck represents a member that performs fixing
and conveying of a semiconductor wafer in the semiconduc-
tor manufacturing apparatus (for example, an etching appa-
ratus, an ion implanting apparatus, an electron beam exposure
apparatus, or the like) that manufactures the semiconductor
wafer. The alumina sintered body of this embodiment may be
suitably used, particularly, in a Johnson-Rahbeck type (JR
type) electrostatic chuck.

FIG. 1 shows a schematic cross-sectional diagram illustrat-
ing a configuration of the electrostatic chuck using the alu-
mina sintered body of this embodiment. The electrostatic
chuck 10 shown in FIG. 1 is provided with a dielectric layer
12, internal electrodes 13 and 14, and a base material 15. The
dielectric layer 12 is constructed by the alumina sintered body
of this embodiment. One surface of the dielectric layer 12
serves as a chuck surface 17 to which a semiconductor wafer
is suctioned. The base material 15 is joined to the other
surface of the dielectric layer 12. For example, the base mate-
rial 15 may be constructed by aluminum or an aluminum
alloy. A gas tunnel 16 is formed inside the electrostatic chuck
10 across the inside of the dielectric layer 12 and the inside of
the base material 15. The gas tunnel 16 is a flow path through
which a cooling gas such as helium (He) is supplied from the
base material 15 side to the chuck surface 17 side so as to cool
down the semiconductor wafer that is held on the chuck
surface 17. A power supply 19 is connected to the internal
electrodes 13 and 14, and when a direct voltage is applied
between the internal electrodes 13 and 14, an electrostatic
attraction force for suctioning the semiconductor wafer may
be generated.

In the electrostatic chuck, suction and release properties
during suction and release of the semiconductor wafer
depend on the volume resistivity of the dielectric layer 12, and
thus it is necessary to appropriately set the volume resistivity
of'the dielectric layer 12. The electrostatic chuck 10 is the JR
type electrostatic chuck, and thus it is preferable that the
volume resistivity at room temperature of the alumina sin-
tered body that constructs the dielectric layer 12 be set to
1x10% to 1x10"* Q-cm. To realize this volume resistivity, it is
preferable that a ratio of the aluminum oxide (Al,O;) to total
oxides when converting the metal elements contained in the
alumina sintered body into oxides and summing the oxides be
95.00% by weight or more so as to reduce an amount of metal
elements that are contained in the alumina sintered body other
than aluminum. In addition, it is preferable that titanium (Ti)
be contained in an amount in which a ratio of titanium oxide
(Ti0,) to total oxides when converting the metal elements
contained in the alumina sintered body into oxides and sum-
ming the oxides becomes 0.1 to 1.5% by weight. In addition,
it is preferable that lanthanum, neodymium, and cerium be
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contained in a total amount in which a ratio of a total amount
of the lanthanum oxide, the neodymium oxide, and the
cerium oxide to the total oxides when converting the metal
elements contained in the alumina sintered body into oxides
and summing the oxides becomes 0.05 to 2.00% by weight.

When preparing the electrostatic chuck 10 using the alu-
mina sintered body of this embodiment, for example, the
dielectric layer 12 may be prepared by laminating the above-
described ceramic green sheet. At this time, if a pattern cor-
responding to the internal electrodes 13 and 14 is printed on
the ceramic green sheet in advance by using a metalize ink,
the alumina sintered body and the internal electrodes 13 and
14 may be simultaneously completed by performing the firing
under a non-oxidization atmosphere. In addition, in a case of
preparing the dielectric layer 12 by laminating the ceramic
green sheet, a hole corresponding to a shape of the gas tunnel
16 may be provided to each ceramic green sheet to be lami-
nated. It is possible to make the alumina sintered body of this
embodiment sufficiently dense through firing at a normal
pressure, and thus the firing under pressure is not necessary in
a process of manufacturing the dielectric layer 12, and a
vacant space structure such as the gas tunnel 16 may be
provided without any problem. In addition, various modifi-
cations may be made to a configuration of the electrostatic
chuck 10. For example, the gas tunnel 16 may not be pro-
vided, or a heater may be further provided. In addition, a
configuration of the internal electrodes may be a monopolar-
electrode type instead of a bipolar-electrode type.

With Regard to Configuration Example of Member Having
Static Electricity Removal Function

The alumina sintered body of this embodiment may be
suitably used to form a member that constructs a component
having a static electricity removal function. Examples of the
component having the static electricity removal function
include a component for the semiconductor manufacturing
apparatus, and more specifically, a component for the semi-
conductor manufacturing apparatus that is used in a plasma
chamber. Here, examples of the component having the static
electricity removal function for the semiconductor manufac-
turing apparatus include components, which are used in the
plasma chamber, such as a conveying arm, a handling jig, a
wafer conveying tweezers, and a wafer lifter pin.

FIG. 2 shows a perspective diagram illustrating external
appearance of a conveying arm 20 as an example of the
conveying arm using the alumina sintered body of this
embodiment. In this manner, when the member having the
static electricity removal function for the semiconductor
manufacturing apparatus is formed by the alumina sintered
body of this embodiment, a sufficient static electricity
removal function may be realized in the semiconductor
manufacturing apparatus. In addition, in a process of manu-
facturing a semiconductor, contamination of a semiconductor
wafer, which is caused by particles that are generated due to
exposure to plasma, may be suppressed.

In a case of forming the member having the static electric-
ity removal function for the semiconductor manufacturing
apparatus by using the alumina sintered body of this embodi-
ment, it is preferable that the volume resistivity of the alumina
sintered body at room temperature be set to 1x10° to 1x10*°
Q-cm. To realize this volume resistivity, it is preferable that a
ratio of aluminum oxide (Al,O,) to total oxides when con-
verting the metal elements contained in the alumina sintered
body into oxides and summing the oxides be 93.00% by
weight or more so as to reduce an amount of metal elements
that are contained in the alumina sintered body other than
aluminum. In addition, it is preferable that titanium (Ti) be
contained in an amount in which a ratio of the titanium oxide
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(Ti0,) to total oxides when converting the metal elements
contained in the alumina sintered body into oxides and sum-
ming the oxides becomes 0.3 to 1.8% by weight. In addition,
it is preferable that lanthanum, neodymium, and cerium be
contained in a total amount in which a ratio of a total amount
of the lanthanum oxide, the neodymium oxide, and the
cerium oxide to total oxides when converting the metal ele-
ments contained in the alumina sintered body into oxides and
summing the oxides becomes 0.1 to 4.5% by weight. In
addition, when volume resistivity at room temperature of the
alumina sintered body of this embodiment is set to 1x10° to
1x10'° Q-cm, the member including the alumina sintered
body may be suitably used as the member having the static
electricity removal function in other usage than as the semi-
conductor manufacturing apparatus.

With Regard to Analysis Method of Alumina Sintered
Body

A contained amount of each of the metal elements in the
alumina sintered body may be measured by, for example, ICP
atomic emission spectrophotometry (high frequency induc-
tively coupled plasma atomic emission spectrophotometry).
When obtaining the contained amount of each of the elements
in the alumina sintered body in terms of an oxide, first, the
contained amount of each of the metal elements is measured
by the above-described method, and a total amount (total
amount in terms of an oxide) of total oxides when assuming
that each of the metal elements is present as an oxide is
obtained based on the measurement results. Then, with
respect to each of the metal elements, a ratio of an amount
thereof in terms of an oxide to the total amount of the respec-
tive metal elements in terms of an oxide may be obtained. In
addition, the volume resistivity of the alumina sintered body
may be measured by a three-terminal method that is well
known as a resistance value measuring method of an insulat-
ing member.

EXAMPLES

Hereinafter, the invention will be described in more detail
referring to examples, but the invention is not limited to the
description of these examples.

FIG. 3 shows an explanatory diagram illustrating prepara-
tion results of 40 kinds of alumina sintered bodies from
Sample 1 to Sample 40 as a table. In addition, FIG. 4 shows an
explanatory diagram illustrating preparation results of 20
kinds of alumina sintered bodies from Sample 41 to Sample
60 as a table. Hereinafter, a configuration and a manufactur-
ing method of each of the samples, and evaluation results of
each of the samples will be described.

A. Preparation of Each Sample

Samples 1 to 10, and 37 to 41 represent alumina sintered
bodies that contain aluminum (Al), titanium (Ti), and lantha-
num (La) as a metal element. Samples 11 to 20 represent
alumina sintered bodies that further contain silicon (Si) as the
metal element in addition to aluminum, titanium, and lantha-
num. Samples 21 to 24, and 42 to 52 represent alumina
sintered bodies that further contain magnesium (Mg) as the
metal element in addition to aluminum, titanium, and lantha-
num. Samples 25 to 30, 33, and 34 represent alumina sintered
bodies that further contain silicon and magnesium as the
metal element in addition to aluminum, titanium, and lantha-
num. Sample 31 represents an alumina sintered body that
further contains silicon and magnesium as the metal element
in addition to aluminum, titanium, and cerium (Ce). Sample
32 represents an aluminum sintered body that further contains
silicon and magnesium as the metal element in addition to
aluminum, titanium, and neodymium (Nd). Sample 53 rep-
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resents an aluminum sintered body that further contains mag-
nesium and calcium (Ca) as the metal element in addition to
aluminum, titanium, and lanthanum. Samples 54 and 55 rep-
resent alumina sintered bodies that further contain calcium as
the metal element in addition to aluminum, titanium, and
lanthanum. Sample 56 represents an alumina sintered body
that further contains magnesium and barium (Ba) as the metal
element in addition to aluminum, titanium, and lanthanum.
Samples 57 and 58 represent alumina sintered bodies that
further contain barium as the metal element in addition to
aluminum, titanium, and lanthanum. Sample 59 represents an
alumina sintered body that further contains magnesium as the
metal element in addition to aluminum, titanium, and neody-
mium. Sample 60 represents an alumina sintered body that
further contains strontium (Sr) as the metal element in addi-
tion to aluminum, titanium, and lanthanum. Samples 35 and
36 represent alumina sintered bodies that contain aluminum
and titanium as the metal element.

Each of the samples was prepared by a solid-phase reaction
method. As a powder material that was provided to the solid-
phase reaction method, an aluminum oxide (Al,O;) powder,
a titanium oxide (TiO,) powder, a lanthanum hydroxide (La
(OH);) powder, a neodymium oxide (Nd,O;) powder, a
cerium oxide (CeO,) powder, a silicon oxide (SiO,) powder,
a magnesium carbonate (MgCO;) powder, a calcium carbon-
ate (CaCO,) powder, a barium carbonate (BaCO;) powder,
and a strontium carbonate (SrCO,) powder were used. As the
aluminum oxide (Al,0;) powder, a powder having an average
particle size of 2.8 um and purity of 99.9% was used. Neces-
sary raw material powders corresponding to each composi-
tion shown in FIG. 3 were selected from the raw material
powders, and the selected raw material powders were
weighed and mixed to realize each composition ratio shown
in FIG. 3. That is, the raw material powders were mixed in
such a manner that a ratio of an amount of each element in
terms of an oxide to a total amount of total oxides when
converting the metal elements contained in each sample into
oxides and summing the oxides became a value shown in FIG.
3.

After the raw material powders were mixed, an organic
binder (a butyral resin), a plasticizer, a dispersing agent, and
an organic solvent were further mixed to the resultant mixture
to prepare ceramic slurry. Then, the ceramic slurry was casted
into a sheet shape to obtain a ceramic green sheet. A plurality
of the ceramic green sheets that were obtained were lami-
nated and compressed to prepare a laminated body. The
ceramic laminated body that was obtained was burned out the
binder, and was fired under a non-oxidation atmosphere (in a
mixed gas of humidified hydrogen and nitrogen at 1550° C.
for four hours) to obtain each of the samples.

B. Evaluation on Each Sample

The volume resistivity of each of the samples was mea-
sured by a three-terminal method. Specifically, disk-shaped
measurement sample having a diameter of 20 mm and a
thickness of 1 mm was cut from each of the fired samples, a Pt
electrode for three-terminal measurement was screen printed
on front and rear surfaces of each measurement sample and
heat treated to fix the electrode, and the volume resistivity was
measured. Here, a gas atmosphere during the heat treatment
to fix the electrode was set to be the same as an atmosphere
during the firing. Measurement results of the volume resis-
tivity of each sample are shown in FIGS. 3 and 4. In addition,
the electrode may be formed by a sputtering method or the
like using gold (Au) or the like instead of screen printing
method so as not to be affected by the atmosphere during the
heat treatment to fix the electrode.
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In addition, with respect to each sample, a molar ratio
((La+Nd+Ce)/Ti) of the total of lanthanum, neodymium, and
cerium to titanium is shown in FIGS. 3 and 4. The molar ratio
shown in FIGS. 3 and 4 is a value obtained based on an
amount of each metal element in the raw material powders
used during manufacturing of each sample. Furthermore,
results, which were obtained by measuring a bulk density and
a water content of each sample using the Archimedes’
method, are shown in FIGS. 3 and 4. The Archimedes’
method is a well known method in which a solid sample is
immersed in a liquid (here, water) of which density is known
and a density is calculated based on buoyancy which the
sample receives. An expression to obtain the bulk density and
an expression to obtain the water content are shown below as
Expression (1) and Expression (2), respectively. In addition,
in the following expressions, a wet weight represents a value
that is obtained in such a manner that water is impregnated
into pores formed in each sample under a reduced pressure,
and then a weight of each sample is measured in the air.

Bulk density (g/cm?®)=dry weight (g)+(wet weight
(g)-weight in water (g))xdensity of water

(g/em?) (1)

Water content (vol. %)=(1-(dry weight (g)-weight in
water (g))+(wet weight (g)-weight in water

(£)))x100 @)

Furthermore, with respect to each sample, external appear-
ance was observed by visual observation and evaluation was
made with respect to whether or not an irregularity of color
tone was present. Evaluation on whether or not the irregular-
ity of the color tone was present is shown in FIGS. 3 and 4.

As shown in FIGS. 3 and 4, in Samples 1 to 34, and 41 to 60,
volume resistivity of 1x10° to 1x10'? Q-cm was obtained.
That is, it was confirmed that a sample, which satisfied con-
ditions in which when converting metal elements into oxides,
a contained ratio of aluminum was 93.00 to 99.85% by
weight, a contained ratio of titanium was 0.10 to 2.00% by
weight, and a contained ratio of an element selected from
lanthanum, neodymium, and cerium was 0.05 to 5.00% by
weight, exhibited the volume resistivity within the above-
described range.

Conversely, even when the contained ratio of aluminum
was within a range of 93.00 to 99.85% by weight, and the
contained ratio of titanium was within a range of 0.1 to 2.0%
by weight at the time of converting the metal elements into
oxides, in a case where any of lanthanum, neodymium, and
cerium was not contained, the volume resistivity exceeded
1x10" Q-cm (refer to Samples 35 and 36). In addition, even
when lanthanum was contained, in a case in which the con-
tained ratio of lanthanum was less than 0.05% by weight in
terms of an oxide, the volume resistivity exceeded 1x10'2
Q-cm (refer to Samples 37 and 38). In addition, even when the
contained ratio of lanthanum was within a range of 0.05 to
5.00% by weight in terms of an oxide, in a case where the
contained ratio of titanium was less than 0.1% by weight in
terms of an oxide, the volume resistivity exceeded 1x10*2
Q-cm (refer to Sample 39). Furthermore, even when the con-
tained ratio of lanthanum was within a range of 0.05 to 5.00%
by weight in terms of an oxide, in a case where the contained
ratio of titanium in terms of an oxide exceeded 2.0% by
weight, the volume resistivity was less than 1x10° Q-cm
(refer to Sample 40).

In addition, as shown in FIG. 3, in the alumina sintered
bodies in which a molar ratio of the total of lanthanum,
neodymium, and cerium to titanium was 0.03 or less, it was
confirmed that sintering properties deteriorated. That i the
bulk density was lower (3.85 (g/cm®) or less), and the water
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content was larger (0.1% or more) compared to other samples
(refer to Samples 4, 35, 36, and 38). In addition, in the alu-
mina sintered bodies in which the total molar ratio of lantha-
num, neodymium, and cerium to titanium was 5.74 or more,
it was confirmed that the irregularity of the color tone in the
external appearance was easy to occur (refer to Samples 6, 8,
21, 22, and 39).

C. Evaluation on Generated Phase by EPMA/WDS

FIGS. 5A to 5D show explanatory diagrams illustrating
results that are obtained by mirror-polishing each alumina
sintered body that was prepared and by performing a mea-
surement using EPMA (electron probe microanalyzer)/WDS
(wavelength dispersive X-ray spectroscopy). Here, measure-
ment results with respect to Sample 27 are shown as an
example. FIG. 5A shows a backscattered electron image
when viewed by an electron microscope, and a kind of an
element provided to each region is expressed by gradation.
FIGS. 5B to 5D show color maps of the EPMA with respect
to the same region as FIG. SA. Specifically, FIG. 5B shows a
distribution of aluminum, FIG. 5C shows a distribution of
titanium, and FIG. 5D shows a distribution of lanthanum.

From FIGS. 5A to 5D, since the region expressed by a
black color in FIG. 5A mainly contained aluminum as the
metal element and the crystal phase of aluminum oxide
(A1,0,) was confirmed by XRD, this region was considered
as a crystal phase of the aluminum oxide. In addition, since a
region expressed by a white color was present at a grain
boundary of the crystal phase mainly containing aluminum as
the metal element, this region was considered as phases of
oxides containing aluminum, titanium, and lanthanum. As
described above, the phases of the oxides containing alumi-
num, titanium, and lanthanum were observed at the grain
boundary of the crystal phase of the aluminum oxide mainly
containing aluminum as the metal element in Samples 1 to 26,
2810 30, 33 to 34, 41 to 58, and 60 other than Sample 27 ina
similar manner. In addition, in Sample 31, phases of oxides
containing aluminum, titanium, and cerium were observed in
a similar manner. In Samples 32 and 59, phases of oxides
containing aluminum, titanium, and neodymium were
observed in a similar manner. In this manner, in the alumina
sintered bodies, it was confirmed that a titanium-containing
oxide spread out to the crystal grain boundary of the alumi-
num oxide. In addition, although not detected by EPMA, it
was considered that the titanium-containing oxide was
present, and an electron path was formed even in a place,
which was not clearly shown as the white color area in FIG.
5A, of the crystal grain boundary of the aluminum oxide.

D. Evaluation on Effect of Silicon and Magnesium

FIG. 6 shows an explanatory diagram illustrating results of
examination about an effect of silicon on a relationship
between the contained amount of titanium in terms of an
oxide (described as a contained amount of TiO, in FIG. 6) and
the volume resistivity in the alumina sintered bodies. FIG. 6
illustrates results related to samples containing lanthanum in
the same contained ratio (the contained ratio of lanthanum
when converting metal elements into oxides was 0.07% by
weight). A graph (a) in FIG. 6 relates to the alumina sintered
body to which silicon is not added, and shows plotted results
of'Samples 1, 2, and 4 shown in FIG. 3. In addition, in graphs
shown in FIG. 6 and FIG. 7 to be described later, sample
numbers are added to points corresponding to samples shown
in FIG. 3. A graph (b) in FIG. 6 shows results with respect to
Samples 11 and 14 in which the contained ratio of silicon
when converting the metal elements into oxides is 0.20% by
weight. In addition, a graph (c) shows results with respect to
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Samples 15 and 18 in which the contained ratio of silicon
when converting the metal elements into oxides is 0.70% by
weight.

FIG. 7 shows an explanatory diagram illustrating results of
examination about an effect of magnesium on a relationship
between the contained amount of titanium in terms of an
oxide (described as a contained amount of TiO, in FIG. 7) and
the volume resistivity in the alumina sintered bodies. FIG. 7
illustrates results related to samples containing lanthanum in
the same contained ratio (the contained ratio of lanthanum
when converting metal elements into oxides was 4.80% by
weight). A graph (d) in FIG. 7 relates to the alumina sintered
body to which magnesium is not added, and shows plotted
results of Samples 8, 9, and 10 shown in FIG. 3. A graph (e)
in FIG. 7 shows results with respect to Samples 21 and 23 in
which the contained ratio of magnesium when converting the
metal elements into oxides is 0.20% by weight. In addition, a
graph (f) in FIG. 7 shows results with respect to Samples 22
and 24 in which the contained ratio of magnesium when
converting the metal elements into oxides is 0.70% by weight.

As shown in FIGS. 6 and 7, in the alumina sintered bodies,
as the contained ratio of titanium increases, there is a ten-
dency for the volume resistivity to be low. At this time, as
shown in FIG. 6, in a case where silicon was further added, it
was confirmed that as the additive amount of silicon
increased, a level of the volume resistivity decreased as a
whole. That is, when the alumina sintered body exhibiting
desired volume resistivity was obtained by further adding
silicon, it was confirmed that the additive amount of titanium
could be reduced. In addition, as shown in FIG. 6, it was
confirmed that any one of cases in which the contained ratio
of'silicon when converting the metal elements into oxides was
0.20% by weight and 0.70% by weight, respectively, was
useful to obtain the alumina sintered body having the volume
resistivity within a range of 1x10° to 1x10'* Q-cm.

In addition, as shown in FIG. 7, in a case of further adding
magnesium, it was confirmed that the more the additive
amount of magnesium increased, the further the level of the
volume resistivity raised as a whole. Furthermore, it was
confirmed that an incline in a graph illustrating the volume
resistivity corresponding to the contained ratio of titanium
became relatively smaller by further adding magnesium.
Accordingly, when adjusting the volume resistivity of the
alumina sintered body by the contained ratio of titanium, it
was considered that a minute adjustment of the volume resis-
tivity became relatively easier by further adding magnesium.
In addition, as shown in FIG. 7, it was confirmed that anyone
of cases in which the contained ratio of magnesium when
converting the metal elements into oxides was 0.20% by
weight and 0.70% by weight, respectively, was useful to
obtain the alumina sintered body having the volume resistiv-
ity within a range of 1x10° to 1x10** Q-cm.

E. Manufacturing of Electrostatic Chuck

An electrostatic chuck (refer to FIG. 1) was prepared using
the alumina sintered body having the same element compo-
sition as Sample 3. Specifically, the above-described ceramic
green sheet was prepared to have the same element compo-
sition as Sample 3. The ceramic green sheet that was obtained
was cut to have a predetermined size, and mechanical punch-
ing or drill processing was performed to form a via hole, a
penetration hole configured to form a terminal connection
portion, and the like. Furthermore, metalize containing tung-
sten (W) or molybdenum (Mo) as a main component was
filled in the via hole to form a via interconnection. In addition,
metalize containing tungsten or molybdenum as a main com-
ponent was applied onto a surface of the ceramic green sheet
by screen printing to form an electrode or a metal intercon-
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nection. A plurality of the ceramic green sheets that were
processed in this manner were laminated and compressed, a
groove was formed on a surface of the resultant laminated
body by end milling, and the resultant laminated body was
laminated on another laminated body and these laminated
bodies were compressed. Then, external appearance of the
resultant laminated body was processed to have a predeter-
mined shape, whereby a laminated precursor having a gas
tunnel or a metal interconnection formed at the inside thereof
was obtained.

After a binder burnout process, the laminated precursor
was fired in a mixed gas of humidified hydrogen and nitrogen
at 1550° C. for four hours to obtain the alumina sintered body.
This alumina sintered body was subjected to abrasive
machining to have a predetermined shape, whereby a ceramic
substrate for the electrostatic chuck was obtained. The
ceramic substrate for the electrostatic chuck, which was
obtained, was bonded to an aluminum base material 15 with
an adhesive, and a metallic conductive terminal was soldered
thereto, whereby the electrostatic chuck was obtained. This
electrostatic chuck was installed in an evaluation apparatus,
and a voltage was applied to an electrode of the electrostatic
chuck in a state in which a silicon wafer was placed under
vacuum. From this, it was confirmed that the silicon wafer
was suctioned by the electrostatic chuck and the electrostatic
chuck satisfactory functioned.

Inaddition, the volume resistivity of the electrostatic chuck
that was manufactured was measured. Specifically, a test
specimen was cut from the electrostatic chuck that was manu-
factured, and the volume resistivity was measured by a three-
terminal method. That is, a disk-shaped measurement sample
having a diameter of 20 mm and a thickness of 1 mm was cut
from the electrostatic chuck that was manufactured, a Pt
electrode for three-terminal measurement was screen printed
on front and rear surfaces of each measurement sample and
heat treated to fix the electrode, and the volume resistivity was
measured. In addition, a gas atmosphere during the heat treat-
ment to fix the electrode was set to be the same as an atmo-
sphere during the firing to obtain the alumina sintered body.
As a result, similarly to Sample 3, it was confirmed that the
volume resistivity of 8x10° Q-cm was exhibited, and the
volume resistivity appropriate for the JR type electrostatic
chuck was exhibited. In addition, the measurement sample
may be prepared by forming the electrode by a sputtering
method or the like using gold (Au) or the like instead of the
screen printing method so as not to be affected by the atmo-
sphere during the heat treatment to fix the electrode.

F. Manufacturing Member Having Static Electricity
Removal Function for Semiconductor Manufacturing Appa-
ratus

A conveying arm (refer to FIG. 2) was prepared by using
the alumina sintered body having the same element compo-
sition as Sample 26. Specifically, the above-described
ceramic slurry was prepared to have the same element com-
position as Sample 26. Granulated powders were obtained
using the ceramic slurry that was obtained by a spray dry
method, and these granulated powders were molded to have a
predetermined shape by a pressing method. After a binder
burnout process, a molded body that was obtained was fired in
a mixed gas of humidified hydrogen and nitrogen at 1550° C.
for four hours to obtain the alumina sintered body. This alu-
mina sintered body was subjected to abrasive machining to
have a shape corresponding to a conveying arm for the semi-
conductor manufacturing apparatus.

A test specimen was cut from the alumina sintered body,
which was obtained, for the conveying arm, and then the
volume resistivity was measured by a three-terminal method.
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That is, a disk-shaped measurement sample having a diameter
0f 20 mm and a thickness of 1 mm was cut from the alumina
sintered body, which was manufactured, for the conveying
arm, a Pt electrode for three-terminal measurement was
screen printed on front and rear surfaces of each measurement
sample and heat treated to fix the electrode, and the volume
resistivity was measured. In addition, a gas atmosphere dur-
ing the heat treatment to fix the electrode was set to be the
same as an atmosphere during the firing. As a result, similarly
to Sample 26, it was confirmed that the volume resistivity of
2x107 Q-cm was exhibited, and the volume resistivity appro-
priate for the member having the static electricity removal
function for the semiconductor manufacturing apparatus was
exhibited. In addition, the measurement sample may be pre-
pared by forming the electrode by a sputtering method or the
like using gold (Au) or the like instead of the screen printing
method so as not to be affected by the atmosphere during the
heat treatment to fix the electrode.

What is claimed is:

1. An alumina sintered body comprising:

alumina (Al,O;) as a main component; and

titanium (T1),

wherein the alumina sintered body further contains at least
one element selected from the group consisting of lan-
thanum (La), neodymium (Nd), and cerium (Ce),

aluminum (Al) is contained in an amount such that a ratio
of aluminum oxide (Al,O,) to total oxides in the alu-
mina sintered body becomes 93.00 to 99.85% by weight,
wherein said total oxides are defined as a total amount of
all oxides contained in the alumina sintered body and an
amount of each metal in the alumina sintered body being
converted into an amount of an oxide containing the
metal,

titanium (T1) is contained in an amount such that a ratio of
titanium oxide (TiO,) to the total oxides becomes 0.10to
2.00% by weight,

lanthanum (La), neodymium (Nd), and cerium (Ce) are
contained in a combined amount such that a ratio of a
combined amount of lanthanum oxide (La,O,), neody-
mium oxide (Nd,Oy;), and cerium oxide (CeO,) to the
total oxides becomes 0.05 to 5.00% by weight, and

volume resistivity of the alumina sintered body is 1x10° to
1x10"* Q-cm at room temperature.

2. The alumina sintered body according to claim 1,

wherein a molar ratio of the combined amount of lantha-
num (La), neodymium (Nd), and cerium (Ce) to the
amount of titanium (Ti) contained in the alumina sin-
tered body is larger than 0.03 and is less than 5.00.

3. The alumina sintered body according to claim 1, further

comprising:

at least one of silicon (Si) and magnesium (Mg),

wherein silicon (Si) and magnesium (Mg) are contained in
anamount such that a ratio of the amount of silicon oxide
(Si0,) to the total oxides and a ratio of the amount of
magnesium oxide (MgO) to the total oxides are 1.00%
by weight or less, respectively.

4. An alumina sintered body comprising:

alumina (Al,O;) as a main component;

titanium (1)

remainder metal elements, wherein

the remainder metal elements include: at least one element
selected from the group consisting of lanthanum (La),
neodymium (Nd), and cerium (Ce); and at least one
element selected from the group consisting of magne-
sium (Mg), calcium (Ca), strontium (Sr), barium (Ba),
and silicon (Si),
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aluminum (Al) is contained in an amount such that a ratio
of aluminum oxide (Al,O,) to total oxides in the alu-
mina sintered body becomes 93.00t0 99.85% by weight,
wherein said total oxides are defined as a total amount of
all oxides contained in the alumina sintered body and an
amount of each metal in the alumina sintered body being
converted into an amount of an oxide containing the
metal,
titanium (T1) is contained in an amount such that a ratio of
titanium oxide (TiO,) to the total oxides becomes 0.10 to
2.00% by weight,

lanthanum (La), neodymium (Nd), and cerium (Ce) are
contained in a combined amount such that a ratio of a
combined amount of lanthanum oxide (La,O,), neody-
mium oxide (Nd,Oy;), and cerium oxide (CeO,) to the
total oxides becomes 0.05 to 5.00% by weight,

magnesium (Mg), calcium (Ca), strontium (Sr), barium
(Ba), and silicon (Si) are contained in amounts such that
a ratio of magnesium oxide (MgO) to the total oxides, a
ratio of calcium oxide (CaO) to the total oxides, a ratio of
strontium oxide (SrO) to the total oxides, a ratio of
barium oxide (BaO) to the total oxides, and a ratio of
silicon oxide (Si0,) to the total oxides are all 1.00% by
weight or less, respectively, and

volume resistivity of the alumina sintered body is 1x10° to

1x10'? Q-cm at room temperature.

5. An electrostatic chuck comprising the alumina sintered
body according to claim 1, wherein the alumina sintered body
has a volume resistivity of 1x10% to 1x10'? Q-cm at room
temperature.

6. A member having a static electricity removal function
for a semiconductor manufacturing apparatus, the member
comprising the alumina sintered body according to claim 1,
wherein the alumina sintered body has a volume resistivity of
1x10° to 1x10'° Q-cm at room temperature.

7. A semiconductor manufacturing apparatus comprising:

a plasma chamber,

wherein the electrostatic chuck according to claim 5 is

provided within the plasma chamber.

8. The alumina sintered body according to claim 2, further
comprising:

at least one of silicon (Si) and magnesium (Mg),

wherein silicon (Si) and magnesium (Mg) are contained in

a combined amount such that a ratio of the combined
amount of silicon oxide (SiO,) and magnesium oxide
(MgO) to the total oxides becomes 1.00% by weight or
less, respectively.

9. An electrostatic chuck comprising the alumina sintered
body according to claim 2, wherein the alumina sintered body
has a volume resistivity of 1x10% to 1x10'? Q-cm at room
temperature.

10. An electrostatic chuck comprising the alumina sintered
body according to claim 3, wherein the alumina sintered body
has a volume resistivity of 1x10® to 1x10'* Q-cm at room
temperature.

11. An electrostatic chuck comprising the alumina sintered
body according to claim 4, wherein the alumina sintered body
has a volume resistivity of 1x10% to 1x10'? Q-cm at room
temperature.

12. A member having a static electricity removal function
for a semiconductor manufacturing apparatus, the member
comprising the alumina sintered body according to claim 2,
wherein the alumina sintered body has a volume resistivity of
1x10° to 1x10"° Q-cm at room temperature.

13. A member having a static electricity removal function
for a semiconductor manufacturing apparatus, the member
comprising the alumina sintered body according to claim 3,
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wherein the alumina sintered body has a volume resistivity of
1x10° to 1x10'° Q-cm at room temperature.

14. A member having a static electricity removal function
for a semiconductor manufacturing apparatus, the member
comprising the alumina sintered body according to claim 4, 5
wherein the alumina sintered body has a volume resistivity of
1x10° to 1x10'° Q-cm at room temperature.

15. A semiconductor manufacturing apparatus comprising:

a plasma chamber,

wherein the member having the static electricity removal 10

function according to claim 6 is provided within the
plasma chamber.
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